The ovomucoid of Japanese quail egg white is known as a proteinase inhibitor or protein component responsible for egg allergy. In order to characterize the antigenic properties of ovomucoid in relation to its molecular structure, we have prepared two monoclonal antibodies, E9 (IgG1) and E11 (IgG1), recognizing distinct epitopes from each other. These monoclonal antibodies bound to the SDS/mercaptoethanol-treated ovomucoid, but not to the reductively carboxymethylated and pyridyl ethylated ovomucoid. By immunoblotting analysis of the peptic digests of ovomucoid, it was shown that E9 bound to the fragment consisting of two domains, I and II, of the ovomucoid, and that E11 reacted with the fragment containing domain III. These results indicate that the antigenic activity depends on the conformational structure of domains tightly folded by disulfide linkages. Ovomucoids from hen and duck were also recognized by both the antibodies, although having less affinity compared to the one from Japanese quail. These antibodies proved to be effective in establishing an enzyme-linked immunosorbent assay system for quantitative analysis of quail ovomucoid.
Avian eggs are very important foodstuffs for human beings, but contain some anti-nutritional protein components. One of the major components of egg white, comprising about 10% of the total egg white proteins (1) , is ovomucoid, which serves not only as a proteinase inhibitor but also as a food allergen. Avian ovomucoid consists of three homologous domains (DI, II and III) and binds a few proteinase molecules (multi-headed type inhibitor) (2) . Hen ovomucoid does not inhibit human trypsin, whereas ovomucoid from Japanese quail (Coturnix coturnix japonica) egg white (OMJPQ) inhibits human enzyme (3) . This phenomenon is very important for human nutrition. Ovomucoid has also been numbered among the typical allergens in egg white (4, 5) . There are several reports describing the heat stability of the antigenicity of hen ovomucoid and the effects of proteolytic digestion on the inhibitory activities against the proteinase of hen and quail ovomucoids (6) (7) (8) (9) . We demonstrated that the antigenic activity of OMJPQ could be found in the small intestine even when boiled egg was ingested (9) . This suggests that peptide fragments from ovomucoid may share in antigenicity. From studies on the reactivities of egg white with sera of patients allergic to egg, Hoffman (5) reported that ovalbumin retained strong allergenicity in cooked egg white, and that ovomucoid had weak but not ignorable allergenicity in cooked egg. Furthermore, there is a report on the T-cell response to hen egg ovomucoid in relation to antigenicity (10) . A study on the molecular structure of ovomucoids is, therefore, very important to understand egg antigenicity or allergenicity. On the other hand, reliable methods of detection or determination of ovomucoids in processed foods should be rapidly established in view of safely using processed foods by patients allergic to egg white. We attempted to prepare monoclonal antibodies (mAbs) against OMJPQ as a probe for analysis and detection of ovomucoid in processed foods containing egg white.
In the present paper, we describe the characterization of mAbs raised against OMJPQ and the antigenic properties of OMJPQ analyzed using mAbs. recognize distinct epitopes on OMJPQ, suggesting that these mAbs are applicable to sandwich ELISA, which requires more than two different antibodies. In the present study, we tried to determine OMJPQ by sandwich ELISA using E9 and E11. Consequently OMJPQ could be assayed in the range of 0.5-100ng (Fig. 6) . The peptic digests separated on SDS-PAGE were subjected to the sequencing of N-terminal amino acids. The N-terminal amino acid sequences of the peptides are shown in Table 1 . Although each peptide fragment with molecular weight of 22.0, 17.8, or 17.0kDa showed broad bands on SDS-PAGE, they gave the same sequences for the N-terminal side. It is known that peptide fragments possessing carbohydrate chains give a broad migration band on SDS-PAGE (19) . Accordingly, the molecular size of each fragment may depend on the difference in sequence of the C-terminal side. The fragment with the molecular weight of 10.5kDa was different from those of the 22.0, 17.8, and 17.0kDa fragments in the N-terminal amino acid sequence. Two 22.0 and 17.8kDa fragments were bound to both mAbs, while the 17.0kDa fragment was bound only to E9 and the 10.5kDa fragment bound only to E11. Based on these results, possible regions of the mAb-binding OMJPQ site are illustrated in Fig. 7 . It has become apparent that two mAbs can recognize distinct domain structures (20) on the OMJPQ molecule; namely E9 can bind domain I, II, and E11 can bind domain III. The role of the carbohydrate moieties of OMJPQ in the reaction between OMJPQ and mAbs requires further discussion. In any case, these mAbs can be practically used not only to detect and quantify allergenically positive ovomucoid or its related peptide fragments in processed foods, but also to analyze the allergenicity of ovomucoids in more detail. 
